Lignophenol is a phenolic lignin-based polymer with 7,7-bis(aryl)propane-8-O-4'-arylether-9-ol type main structures. This polymer has been synthesized directly from lignocellulosics through the phase-separation system. In order to demonstrate both properties and mechanisms of adsorption on lignophenol and on its derivatives under heterogeneous conditions, investigations for adsorption of three cation-type dyes, Methylene Blue (MB), Brilliant Green (BG) and Crystal Violet (CV) were carried out. Both Hinoki cypress-lignophenol (p-cresol type, HCLC) and composites of HCLC with nano-sized TiO 2 particles (HCLC/ST01) quickly adsorbed these dyes. Isothermal adsorption plots for both HCLC and HCLC/ST01 demonstrated good agreements with a Langmuir plots with r = 0.991 and 0.997, respectively. These results indicated mechanism of these adsorptions followed simple adsorption mechanism with single layer on the surfaces of HCLC and HCLC/ST01. Moreover several HCLC derivatives were demonstrated different behaviors of both adsorption and desorption due to their particular structures. Especially both a second derivative-II of HCLC (HCLC170), which was derived with 170 o C treatment in alkaline medium, and Hinoki cypress-lignophenol (pyrogallol type, HCLPyr) demonstrated best adsorptions of MB. Besides, 40-60 % of adsorption of acetylated HCLC indicated that there at least two adsorption sites for dyes such as hydrophilic hydroxyl groups and hydrophobic aromatic groups. In addition, HCLC/ST01 released BG in organic media but other adsorbents included activated carbon has not released at all. These results indicated that control of both adsorption and desorption of various organic compounds can be carried out on demands in aqueous conditions.
INTRODUCTION
Recently huge quantities of ionic dyes such as anion dyes, cation dyes and Gemini-type dyes were used in dying and weaving industry. It has been pointed out dilute solutions of these dyes were one of the serious sources of water pollution of rivers, lakes and marshes [1] [2] especially in China, USA and the countries in South America and Asia. Therefore a lot of attempts to remove these dyes from dilute solution spread in environments using activated carbons [3] , photocatalysts [4] [5] [6] and conductive polymers [7] have been tried already. Although both activated carbon and catalysis demonstrated relatively large adsorption of dyes, there remained several problems such as poor desorption properties or high costs. Therefore several trials for adsorption has been done using cheap materials such as seeds of sunflower [8] , a smelting exhausts of Aluminum [9] , stainless steel [10] , soy beans [11] and opposite-phase micele [12] .
In addition, several adsorption behaviors of lignophenol and its derivatives have been reported already. Lignophenol is a lignin-based polymer synthesized directly from lignocellulosics though the phase-separation system [13] [14] [15] . Since there are rich aliphatic and aromatic hydroxyl groups, methoxyl groups, aromatic rings and ether type skeletons in the molecule (Fig.1 ), there will occur interactions with other materials. For example, adsorption of proteins and enzymes [15] [16] [17] , Pb ions [18] , other metal ions included rare metals such as gold, platinum or palladium [19] [20] [21] on lignophenol and its derivatives has been reported.
Moreover interactions between lignophenol and cellulose molds [22] [23] and TiO 2 nano-particles [24] [25] were also reported. Thus lignophenol is expected to be good adsorbent for other some valuable materials.
Therefore it is worthy to investigate both fundamental properties and mechanism on adsorption of lignophenol using a simple and characteristic molecule such as methylene blue (MB) dye ( Fig.2 ). For example, analysis of -stacking using MB has been important to reveal interactions of bio-related materials such as proteins or nucleosides [26] [27] [28] because -stacking gave important influences of pKa value of aromatic structure [29] . By the way, easy adsorptions of protein or enzymes on lignophenol derivatives were well investigated [15] [16] [17] . These adsorption mainly depended on hydrophobic effects on 7,7-bis(aryl)propane type structures because of activities of enzymes had not decreased after interactions. Therefore it also will be worthy to discuss the influences of hydrophobic effects on lignophenol adsorption using model compound such as MB. Besides MB, two flat cation-type dyes, Brilliant Green (BG) and Crystal Violet (CV) were used for adsorption on lignopnenols in order to investigate influences of shape of molecules and localization of charge on the molecules (Fig.2) .
In this study, fundamental adsorption properties of not only HCLC and its derivatives, but also HCLC-ST01, which was a composite between HCLC and nano particle TiO 2 [24] for MB, BG and CV were investigated.
EXPERIMENTAL 2.1 Synthesis of Lignophenols
Two different lignophenols, both p-cresol type and pyrogallol type, of Hinoki cypress (Chamaecyparis obtusa) were synthesized through the phase-separation system (Two-step method, Process-II) according to the literatures [13] [14] 25] . Defatted wood meals (80 mesh passed) and 3 mol of phenols for phenylpropane units (C 6 C 3 ), which are basic units of lignin, were mixed in acetone under dark conditions. After 24 hrs, acetone was evaporated and removed perfectly. Then the phenol-sorped wood meals were obtained. Soon after adding 72 % sulfuric acid or 95 % phosphoric acid onto wood meals with p-cresol or pyrogallol respectively, reaction mixtures were stirred vigorously under 1 atm at r.t.. After 1 hr, reaction mixtures were quickly poured into excess de-ionized water under vigorous stirring. Then precipitates were thoroughly washed to pH = 6. The precipitates were dried by freeze-drying. Dried mixtures were extracted by acetone and then purified using diethylether. Generating precipitates with light beige appearances were washed thoroughly using diethylether. After evaporating and dried on P 2 O 5 under vacuum, both Hinoki cypress-lignophenol (p-cresol type, HCLC) and Hinoki cypress-lignophenol (pyrogallol type, HCLPyr) were obtained. All reagents were used as purchases. 
Structural Characteristics of Lignophenol
Thermal properties of lignophenols were measured using Differential Scanning Calorimeter (DSC, Diamond DSC, Perkin Elmer Co.), Thermogravimetric Analysis (TGA, TGA6200, SII Inc.) and Thermomechanical Analysis (TMA, TMA6000, SII. Inc.). An average molecular weight was measured using Size exclusive chromatograph (SEC, Shodex Co. KF-801, 802, 803 and 804 with LC-10 system, Shimadzu Co.). Structural analyses were carried out using UV-Vis (UV560, JASCO. Co), FT-IR (FTIR8500, Shimadzu Co.) and 1 H-NMR (FT-NMR500, JOEL Co.).
Synthesis of Lignophenol Derivatives 2.3.1 Acetylation
A HCLC (100 mg, 0.5 mmol/C 6 C 3 ) was dissolved into 1.0 mL (12.9 mmol) of pyridine, then 1.0 mL (9.0 mmol) of acetic anhydride was added into the reaction mixture. After 48 hrs, reaction mixtures were poured into chilled de-ionized water under vigorous magnetic stirring. After centrifugation with washing out by chilled water once, generated precipitates were freeze-dried.
Perfect block of all hydroxyl groups by acetyl groups of obtained acetylated HCLC (HCLCOAc) was analyzed by FT-IR and 1 H-NMR.
Second Derivatives of Lignophneol
HCLC (100 mg, 0.5 mmol/C 6 C 3 ) was dissolved into 20 mL of 0.5 M NaOH aqueous solutions. The solutions was poured into a stainless steel bombe (V = 30 mL) and closed tightly. The bombe was heated in oil baths up to 140 o C or 170 o C. After 1 h reactions, cooled reaction mixtures were neutralized up to pH = 2.0 by 2.0 HCl solutions. After dialysis separations of the reaction mixtures for pH = 6.0, the contents were freeze-dried. Then both a second derivative of HCLC at 140 o C (HCLC140) and a second derivative of HCLC at 170 o C (HCLC170) were obtained. Characterization was carried out using FT-IR, SEC and 1 H-NMR.
Preparation of Lignophenol-TiO 2 Composite
A composite of lignophenol and nano sized TiO 2 particle was used as an adsorbent for dyes because there could be large surface and good dispersion based on small size of ST01 nano-particles. HCLC (20 mg, 0.1 mmol/C 6 C 3 ) was dissolved into 30 mL of acetone and then 100 mg of TiO 2 (ST01, Ishihara Sangyo Co.) was immersed into this solution. Soon after adding ST01, vivid yellow precipitates were generated and precipitated. After filtration, separated solid was washed twice by small amount of acetone and evaporated. HCLC/ST01 composite (20 wt % HCLC) was obtained after drying. 
Adsorption
Methylene Blue, Brilliant Green and Crystal Violet were used as organic cation-type dyes and neutral dye, respectively (Fig.2 ). Lignophenol and its derivatives were immersed into 30 M aqueous solutions of MB, BG and CV at 21 or 25 o C. And then quickly heterogeneous mixtures were stirred vigorously. After centrifugation at 5 o C with 3 500 rpm, supernatant was filtered using 0.45 m hydrophobic membranes. Soon after the filtration, obtained solutions were withdrawn for measurements of the absorbance at  max , which are 664 [30] [31] [32] , 625 [33] [34] and 591 nm for MB ( = 7.0 x 10 4 mol -1 Lcm -1 ), BG ( = 8.0 x 10 4 mol -1 Lcm -1 ) and CV ( = 5.5 x 10 3 mol -1 Lcm -1 ), respectively, on UV-560(JASCO. Co.). An amount of dye adsorbed on lignophenol and its derivatives was determined using calibration curve of each dye.
Desorption
HCLC, HCLC/ST01, heat-set phenol-resin of HCLC (resol type), Sulfric acid lignin (SA, prepared following Klason method), Alkaline lignin (AL, Indulin AT) and activated carbon (AC, Wako Co.) were immersed into 5.0 mL of BG and CV aqueous solutions (1.05 mM). After drying all adsorbents with dye at 70 o C for 8 hrs, all samples were immersed into both acetone and ethanol. Fig.3 . MB adsorbed on HCLC was within 800 min. Adsorption of MB on HCLC/ST01 reached saturation more quickly than HCLC under the same condition because of larger surface of HCLC/ST01. Since ST01 has ca. 7 nm diameter, a resulting lignophenol composite was small particles as confirmed on SEM images (data not shown) [24] . BG and CV also adsorbed on the composite in the same ways ( Fig.3b and Fig.3c ). Interestingly, amounts of adsorption of MB on HCLC and HCLC-ST01 were quite same within 800 min. This result implied adsorbing capacities of these materials were similar. 
RESULTS AND DISCUSSIONS 3.1 Time Course Time courses of adsorption of dyes on both lignophenol and lignophenol-ST01 composite under heterogeneous conditions were shown in

Langmuir Plot
In order to investigate the adsorption mechanism of HCLC and HCLC-ST01, adsorption isotherms of MB were measured from 0.05 M to 30 M. The data of these plots could be described using Langmuir adsorption isotherm expressed in eq.1 as below. Q = Kq eq C eq /(1+KC eq ) [eq.1]
where Q, C eq , K, and q eq were an amount of adsorbed MB (mol/m 2 ), equilibrium concentration of MB (M), equilibrium constant (1/M) and saturated adsorbed amounts of MB (nmol/mg), respectively. As demonstrated in Fig.4 , adsorption behaviors of both HCLC and HCLC-ST01 showed good accordance with Langmuir equation with r = 0.991 and 0.997, respectively. Resulting K values of HCLC and HCLC-ST01 were 9.42 x 10 -3 and 4.18 x 10 -3 , respectively. On the other hand, q m values of HCLC was smaller than HCLC-ST01, 15.5 nmol/10 mg HCLC and 21.1 nmol / 10 mg HCLC-ST01, respectively. Since these plots fitted the eq.1, adsorption mechanism could be described one adsorption to one MB type. That is, as shown in Fig.1 , rich aromatic rings, hydroxyl groups and methoxyl groups in HCLC acted as adsorption sites independently. On the other hand, HCLC-ST01 consisted of HCLC coated on ST01, probably hydrophillic parts were used for interactions between HCLC and ST01 [24] [25] . That is, relatively hydrophobic parts of HCLC such as aromatic ring or methoxyl groups related to adsorption. Therefore HCLC-ST01 demonstrated smaller K value than HCLC. In fact, ST01 was well dispersed in HCLC-ST01 composites confirmed by losing thermal plasticity due to well-dispersion and abundant interactions measured using thermal mechanical analysis (TMA) [24] . In addition to this fact, surfaces of ST01 had not acted as adsorption sites because good interaction sites such as hydroxyl groups or methoxyl groups were covered with TiO 2 . Nevertheless ST01 is well-known as a good photo-catalysis consisted of anatase form crystal, the photo-catalytic reaction of HCLC-ST01 had not been observed under UV irradiation [24] [25] . Based on this result, ST01 could be almost perfectly covered on HCLC. On the contrary, q m value of MB was larger than HCLC due to small particle size.
In addition, adsorption behaviors of HCLC also demonstrated good accordance with Freundlich plot (r = 1.00, data not shown). Consequently adsorption mechanism of HCLC was very simple. 
Influences of Structures
In order to investigate influences of structures of lignophenol, and its derivatives, several derivatives were used as adsorbents. Probably polymeric materials showed equilibrium on dispersion into water under heterogeneous conditions, amounts of adsorption were measured at 8 and 14 hrs after immersing lignophenol derivatives. As Fig.5 clearly demonstrated, both HCLC443 and HCLPyr showed good and quick adsorption of both MB and BG. Within 8hrs removal amounts of both MB and BG reached ca. 100 %. Two reasons to explain these good results could be picked up based on structures. The first one is hydrophilic properties. HCLPyr showed good hydrophilic properties based on its grafting phenols with 3 mol hydroxyl groups/C 6 C 3 . Although HCLC was hydrophobic polymer, there were also rich hydroxyl groups (phenolic:1.3 mol/C 6 C 3 , aliphatic:1.3 mol/C 6 C 3 ) and polymeric structures (M w = 23 000, M w /M n = 4.7). HCLC 443 was derivatives mixtures of HCLC obtained with 71.1 % yield from HCLC. HCLC443 showed both 1.24 mol/C 6 C 3 of phenolic hydroxyl groups and 1.60 mol/C 6 C 3 of aliphatic hydroxyl groups determined using 1 H-NMR. Moreover smaller molecules of HCLC443 (M w = 1 650, M w /M n = 1.5 and rich M n = 250 fraction) helped to adsorb other molecules. Secondly, particular structures of HCLC443 probably related to high ability for adsorption such as stilbene-type structures (Fig.1 ) detected at 6.8 ppm and 7.3 ppm signals using 1 H-NMR.
Although there were particular structures in the mixture such as arylcoumaran-type structures (Fig.1 ) which detected at 6.4-6.8 ppm signals on 1 H-NMR spectrum, adsorption capacity was smaller than stillbene-type structures because of boat-type shape of the molecules. Since HCLCOAc adsorbed only small amounts of dyes, role of both aliphatic and hydrophilic hydroxyl groups were demonstrated clearly. As Fig.5 also demonstrated, HCLC413 showed at most half removals compared to HCLC443. Neverthless structural properties of HCLC413 mixtures were similar to HCLC413 such as M w = 2 700, M w /M n = 1.8 (and rich M n = 250 fraction), phenolic/aliphatic hydroxyl groups were 1.33 and 0.67 mol/C 6 C 3 , respectively and arylcoumaran-type structures were detected, both ability for adsorption and equilibrium constant were still small. Moreover larger amounts of arylcoumaran-type structures were detected by 1 H-NMR than HCLC443.
Considering steric influences of arylcoumaran-type structures, bowl type shape could prevented to interact with large plane dye molecules pointed out as above already. Interestingly, other application of adsorption of lignophenol such as interactions with -glucosidase, BSA and pepsin had demonstrated same tendency [16] [17] . Accordingly, high adsorption capacity of HCLC443 could be due to same mechanism as protein adsorption. 
Properties of Reversible Adsorbent
Moreover, both MB and BG molecules on LPs were easily de-sorbed in different solvents such as ethanol or acetone, however few dye molecules on charcoal were released. This result means LPs acted as reversible-adsorbents for organic dyes. After only 5 min, activated carbon adsorbed BG perfectly. Although HCLC and HCLC/ST01 adsrobed BG partly, SA, AL and phenolic resin adsorbed only a little. Both HCLC/ST01 and AC released BG both solvents but others had not. Though HCLC could have released dyes, HCLC also dissolved into these solvents. Interestingly, in the case of CV, only HCLC/ST01 released dye into both EtOH and acetone. This result implied that release of dye depended on the structures of dyes. As shown in Fig.2 , distribution of charge in BG molecular is just a little localized due to free aromatic ring in the structures. On the other hand, CV has a perfect symmetric plane-type structure without localization of charge.
Therefore in the case of plane molecules, HCLC/ST01 releases adsorbed dyes into other solvents. This implies that HCLC/ST01 can selective adsorption and desorption using gradient system. Moreover selective desorption of other valuable plane-type molecules such as naphthalene, anthoracene, pyrene-type skeletons is also expected.
